Abstract. Numerical simulation is an important method to research the soil y water infiltration under two point-source emitters. In order to improve the simulation precision and the practicability of numerical solution, a meshfree method based on ridge basis functions collocation method (RBFCM) is developed for solving 2D water movement equations in unsaturated soil under infiltration. The ridge basis functions are used as approximating functions to construct the method for the numerical solution of the water movement equations. The iterative method is used in solving the nonlinear matrix equation derived from water movement equations based on RBFCM. Compared with the traditional finite difference method and finite element method, the new method reduces the calculation time and calculation error. The numerical results of realistic water movement in unsaturated soil under infiltration meet the demands of actual problems well.
Introduction
Soil water movement is the most important part of the terrestrial water cycle and the recycling of pedosphere material. The mathematical models of the water flow in soils are mostly nonlinear partial differential equations whose analytical solutions are generally difficult to get in normal circumstances. Thus, a numerical method is currently the most effective way to solve soil water flow problems. In 2009, Guo and Sun [1] used the finite element method to solve the 2D soil moisture movement mathematical model, which included root water uptake under rainfall; it worked for some real-world situations. At the same time, Wang Zengtao [2] used the alternating implicit scheme method to solve the mathematical model of soil moisture movement under evaporation; the computational results were a good fit for the experimental results. In 2011, Li Huanrong and Luo Zhendong [3] used the finite volume element method to develop a two-dimensional unsaturated soil water flow equation, which is reliable, stable and practical.
The meshfree method has been developed over recent years. This type of method discrete the region of PDEs without the use of grid [4] . The initial idea for meshfree methods dates back to the smooth particle hydrodynamics (SPH) method for modeling strophysical phenomena [5] . In 1992, Nayroles et al. introduced the Diffuse Element Method (DEM) [6] ; in 1994, Belytschko et al. improved the DEM and introduced the Element Free Galerkin Method (EFG) [7] . Since then, there has been a great deal of research into meshless methods. The Finite Point Method (FPM) introduced by Onate et al. [8] , which is based on the Moving Least-Squares and the collocation method, is a truly meshless method. In particular, in 1990, Kansa introduced the radial basis function (RBF) collocation method for solving elliptic, hyperbolic and parabolic PDEs [9] . Later, the RBF was further developed by Schaback [10] . Hon et al. applied the RBF to the numerical computation of variable normal equations, the nonlinear Burgers equation and the Shallow water wave equation [11] . In 1999, Rippa carried out work on selecting the correct shape parameter c for the RBFs [12] . In 2003, Platte and Driscoll showed how the global RBF collocation method could be adapted to compute the eigenmodes of elliptic operators [13] . Therefore, the collocation-based meshless method has been an important meshless method in the current literature [14] .
Meshless methods are often naturally radially symmetric created by combining some univariate basis function with a Euclidean norm and therefore turning a problem involving higher dimensions into one that is virtually one-dimensional. Consequently, the study of the numerical solutions of PDEs through radial basis function interpolation has yielded a number of significant results. In 2002, Gordon et al. examined the best approximation of some function classes using a manifold Mn consisting of sums of n arbitrary ridge functions [15] . Zhang [16, 17] studied the solvability of the interpolation with a ridge function in R2 and estimated the interpolation errors; moreover, he also gave an approximation for the limits of a linear combined ridge basis function for plane waves. Ismailov investigated the approximation of a continuous multivariate function f(x) = f(x1, . . . ,xd) by using the sums of two ridge functions in the uniform norm [18] , proposed an explicit formula for the best L2 approximation for a multivariate function by linear combinations of ridge functions over some sets in Rn [19] and found a geometric method of deciding which continuous multivariate functions can be represented by sums of two continuous ridge functions [20] . Konovalov obtained estimates for the order of best approximation using polynomials and ridge functions in the spaces Lq of classes of s-monotone radial functions which belong to the space Lp [21] . Shu presented a meshless method, based on the weighted least-square method and ridge basis function interpolation (WLSR); the results of numerical examples applied to elastostatics are encouraging [44] .
So far, the radial basis function collocation method (RBFCM) has yielded many important results in finding the numerical solutions to differential equations. However, studies of the theory of the ridge basis function collocation method and the practical applications of the numerical results are rare. The mathematical models of soil water movement are usually nonlinear convection-dominant diffusion equations. Several methods have been used to find their numerical solutions, such as the finite element method, the finite difference method, the finite element modified method of characteristics and so on. Nevertheless, improvements such as eliminating numerical oscillations and improving efficiency are still being studied.
In this paper, a new meshfree method based on RBFCM is proposed, which gives the numerical solutions of two-dimensional water movement in unsaturated soil. The existence and uniqueness of the solution to the proposed method is proved. Numerical examples show that the RBFCM is reliable, stable and practical to use in solving 2D unsaturated soil water problems.
Preliminaries
In this section, the mathematical model of soil water movement is introduced.
Generally speaking, soil water movement is a three-dimensional problem. If we assume that the soil is a porous media of isotropic non-deformable sand, the model of soil water movement can be treated as an axisymmetrical two-dimensional problem.
The soil moisture movement equation with soil water as the dependent variable is:
where θ is the soil volumetric water content (cm ) of the unsaturated soil movement. In this paper, the initial condition is
The boundary condition is defined as:
where θ0 is the water content of the topsoil (cm
Construction of RBFCM
When the solution domain Ω is discretized by n nodes xi (i=1,2,…,n), then (x) can be approximated by linear combinations of the ridge function φ(xi) :
where n is the node number, i is an unknown coefficient, av is a fixed direction and m is the total number of the direction on the disk. In conventional numerical calculations, the Gaussian
 and so on, are selected as the ridge basis functions where c is a constant (c>0).
For equation (1), the derivative is approximated in the following way at
Here, we denote the function
, then the approximation of ) ( x  can be written as follows:
N is the number of the nodes in the region and b N is the number of nodes on the border.
Here, ridge basis functions are used as approximating functions to construct the method for the numerical solution of (1). From (1), (3), (5) and (7), the discrete form is given by: 
Then (8) can be expressed in the following matrix equation: 
Linearization Scheme for the Nonlinear System
The matrix equation (11) is a nonlinear system. Here, we consider the iterative method to solve it. ). These are written as  n+1 (1) , D( n+1 (1) ) and K( n+1 (1) ).
Third, we obtain the second iterative valued  n+1 (2) by using the correction values  n+1 (1) , D( n+1 (1) ) and K( n+1 (1) ) as the next predicted value to solve (7). Finally, the above steps are repeated until the difference between the two iterative values is less than the maximum permissible error, that is
where p is the number of iterations and ε is the maximum permissible error. Then 
n+1(p)
can be considered as the final correction values for 
n+1
.
Numerical Examples and Validation of the Model Numerical Examples
We use the RBFCM to solve the linear model: Table 1 . Table 2 shows the comparison of RBFCM with other methods such as the FDM and the FEM, where the time step is t=0.01, the spatial step h=1/10 and the nodes are 1010=100. 
Model Validation and Application
Here, the RBFCM is applied to find the numerical solution to a simulation of realistic water movement in unsaturated soil under evaporation. The Van Genuchten model is used to fit the soil water characteristic curve ) (h  and soil unsaturated conductivity ) (h K :
where
, s is the saturated soil moisture content, r  is the residual soil water content, Ks is the soil saturated hydraulic conductivity and n, m and  are empirical parameters. For the simulated land, the depth and the horizontal distance are all 100cm. The model simulated six days (d) with a time step of one day. The vertical direction and the horizontal direction of the soil were divided into 5 units and the spatial step was 20cm. According to the meteorological data for the region being simulated, from April 25 to May 15 2010, the average potential transpiration rate was calculated by ETO software to be 0.75cm/d.
The simulated water content distribution in the wetted soil after 1d, 3d, 5d and 6d are all shown in Figure 3 . 1day 3day 5day Figure 3 . Evolution of simulated water content distribution in wetted soil over time.
From the above figures, we can see that over time, the wetting front of the soil expands gradually. In other words, over time the soil water content increases. We can also see that the soil water content does not change a great deal and gradually approaches saturation near the drip irrigation source. The water content of the surface soil is sharp at a distance from the drip irrigation source. These results mirror the real-world situation.
Conclusions
In this paper, the RBFCM was proposed to solve the 2D soil moisture movement problem. The numerical examples show that the method can simulate the real-world situation and can improve computational efficiency. Compared with the traditional FDM and FEM, the new method has improved computing efficiency and accuracy. For simulations, the method is more practical and reflects the movement of soil moisture more accurately than other methods, i.e., it is a good theoretical basis for further applications.
In addition, we found that the selection of the interpolation nodes, the ridge basis functions and the free parameter c, are all factors that influence the accuracy of the solution.
